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Organometallic transition metal compound, biscyclopentadienyi ligand system, catalyst system 
and process for preparing polyolefins 



5 



10 



15 



The present invention relates to organometallic transition metal compounds of the formula (I) 

( ? R 4 




20 

where 

M 1 is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or the lanthani- 
25 des, 

X are identical or different and are each an organic or inorganic radical, where two radicals 
X can also be joined to one another, 

30 n is a natural number from 1 to 4, 

T 1 , T 2 are identical or different and are each a divalent group selected from the group consisting 
of -O, -S-, -Se-, -Te-, -N(R 13 )-, -P(R 13 h -As(R 13 )-, -Sb(R 13 )-, -Si(R 13 ) 2 -, 
-C(R 13 R 14 )-C(R 13 R 15 )- and -C(R 14 )=C(R 15 )-, where R 13 , R 14 and R 15 are identical or diffe- 
35 rent and are each hydrogen or an organic radical having from 1 to 40 carbon atoms, 

R 1 , R 7 are identical or different and are each hydrogen or an organic radical having from 1 to 40 
carbon atoms, 



40 R 2 , R J 



are identical or different and are each hydrogen or an organic radical having from 1 to 40 
carbon atoms, 
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R , R are identical or different and are each halogen or an organic radical having from 1 to 40 
carbon atoms, where R 3 is not methyl when T 1 is -C(H)=C(H)-, 

5 R 4 , R 5 , R 6 , R 10 , R 11 and R 12 are identical or different and are each hydrogen, halogen or an orga- 
nic radical having from 1 to 40 carbon atoms, or two adjacent radicals R 4 , R 5 , R 6 , R 10 , R 11 
and R 12 together with the atoms connecting them form a monocyclic or polycyclic, substi- 
tuted or unsubstituted ring system which has from 1 to 40 carbon atoms and may also 
contain heteroatoms selected from the group consisting of the elements O, S, Se, Te, N, 

10 P, As, Sb and Si, 



if T 1 or T 2 is -O-, -S-', -Se-.or -Te-, the radical R 3 together with R 4 and/or the radical R 9 to- 
1 5 gether with R 1u form a monocyclic or polycyclic, substituted or unsubstituted ring system 

which has from 1 to 40 carbon atoms and may also contain heteroatoms selected from 
the group consisting of the elements O, S, Se, Te, N, P, As, Sb and Si, 

and 

20 

A is a bridge consisting of a divalent atom or a divalent group. 



In addition, the present invention relates to biscyclopentadienyl ligand systems having such a 
25 substitution pattern, catalyst systems comprising at least one of the organometallic transition me- 
tal compounds of the present invention, a process for preparing polyolefins by polymerization or 
copolymerization of at least one olefin in the presence of one of the catalyst systems of the pre- 
sent invention and the polyolefins obtainable in this way, the use of the biscyclopentadienyl ligand 
systems of the present invention for preparing organometallic transition metal compounds and a 
30 process for preparing organometallic transition metal compounds using the biscyclopentadienyl 
ligand systems. 

Research and development on the use of organometallic transition metal compounds, in particular 
metallocenes, as catalyst components for the polymerization and copolymerization of olefins with 
35 the aim of preparing tailored polyolefins has been pursued intensively in universities and industry 
over the past 15 years. In addition to the ethylene-based polyolefins prepared by means of me- 
tallocene catalyst systems, propylene-based polyolefins in particular prepared by means of me- 
tallocene catalyst systems are now a dynamically growing market segment. 

40 The use of soluble metallocene compounds based on bis(cyclopentadienyl)dialkylzirconium or 
bis(cyclopentadienyl) dihalide in combination with aluminoxanes give atatactic polypropylenes. 
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Bisindenyl-substituted ansa-metallocenes have been optimized in respect of, in particular, their 
ability to produce highly isotactic poly propylenes having a high crystallinity and a high melting 
point. Furthermore, bisindenyl-substituted ansa-metallocenes which are suitable both for prepa- 
5 ring highly isotactic poly propylenes and for preparing high molecular weight propylene-ethylene 
copolymers which are used, for example, as rubber phase in the production of impact-modified 
polypropylene polymers have been found. 

Organometallics 2002, 21 , 2842-2855, describes metallocenes whose cyclopentadienyl ligands 
1 0 contain f used-on thiophene fragments. These metallocenes were not converted further into poly- 
merization catalysts or tested as such. 

EP 549900 describes benzo-fused bisindenyl metallocenes which when used as catalyst compo- 
nents allow the preparation of highly isotactic polypropylenes having an industrially relevant molar 
1 5 mass. 

EP 582194 describes bisindenyl-substituted ansa-metallocenes having a specific substitution 
pattern, by means of which polypropylenes having a reduced isotacticity can be obtained. 

However, there is a need for metallocene structures which not only make it possible to obtain 
20 polypropylenes having an even lower isotacticity while retaining a high molar mass but also allow 
the preparation of high molecular weight propylene-ethylene copolymers. There is also a need for 
metallocene structures which allow the reduced isotacticity of the desired polypropylenes to be 
controlled in a simple fashion. Furthermore, these metallocenes should also make it possible to 
prepare high molecular weight, crystalline polyethylenes having a high density. 

25 

The known metallocene catalyst systems are still in need of improvement in respect of the pro- 
perty profile described. A further aspect in the search for new catalyst systems and catalyst com- 
ponents is always the ability to obtain the new catalyst systems and catalyst components in an 
economical way and to provide an economical and environmentally friendly process for preparing 
30 polyolefins. 

It is an object of the present invention to find new organometallic transition metal compounds 
which, when used as catalyst component for olefin polymerization, avoid the disadvantages of the 
prior art and make it possible for the polymerization behavior and the polymer properties to be 
35 controlled in a targeted way. 

We have found that this object is achieved by the organometallic transition metal compounds of 
the formula (I) mentioned at the outset. 

40 M 1 is an element of group 3, 4, 5 or 6 of the Periodic Table of the Elements or the lanthanides, for 
example titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum or 
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tungsten, preferably titanium, zirconium, hafnium, particularly preferably zirconium or hafnium and 
very particularly preferably zirconium. 

X are identical or different, preferably identical, and are each an organic or inorganic radical, whe- 
5 re two radicals X may also be joined to one another. X is preferably halogen, for example fluorine, 
chiorine, bromine, iodine, preferably chlorine, hydrogen, (VC20-, preferably Ci-C 4 -alkyl, in parti- 
cular methyl, C2-C20-1 preferably C2-C 4 -alkenyl, CVC22-, preferably C 6 -C 10 -aryl, an alkylaryl or 
arylalkyl group having from 1 to 10, preferably from 1 to 4 carbon atoms in the alkyl part and from 
6 to 22, preferably from 6 to 1 0, carbon atoms in the aryl part, -OR 16 or -NR 16 R 17 , preferably 
1 0 -OR 16 , where two radicals X may also be joined to one another, preferably two radicals -OR 16 . 
Two radicals X may also form a substituted or unsubstituted diene ligand, in particular a 1 ,3-diene 
Hgand. The radicals R 16 and R 17 are each Ci-C 10 -» preferably C^d-alky!, C 6 -C 15 -, preferably 
C 6 -C 1t raryl, alkylaryl, arylalkyl, fluoroalkyl orfluoroaryl each having from 1 to 10, preferably from 1 
to 4, carbon atoms in the alkyl radical and from 6 to 22, preferably from 6 to 10, carbon atoms in 
1 5 the aryl radical. 

Unless restricted further, alkyl is a linear, branched or cyclic radical such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyi, 
n-heptyl or n-octyl. 

The index n is a natural number from 1 to 4 which is frequently equal to the oxidation number of 
M 1 minus 2. In the case of the elements of group 4 of the Periodic Table of the Elements, n is 
preferably 2. 

25 T 1 and T 2 are identical or different, preferably identical, and are each a divalent group selected 
from the group consisting of -O-, -S-, -Se-, -Te-, -N(R 13 )-, -P(R 13 )-, -As(R 13 )-, -Sb(R 13 )-, -Si(R 13 ) 2 -, 
-C(R 13 R 14 )-C(R 13 R 16 )- and -C(R 14 )=C(R 15 )-, preferably -O-, -S- and -Se-, in particular -S-, where 
R 13 , R 14 and R 15 are identical or different and are each hydrogen or an organic radical having from 
1 to 40 carbon atoms. Preferred examples of the radicals R 13 , R 14 and R 15 are hydrogen, cyclic, 

30 branched or unbranched C1-C20-. preferably Ci-Cs-alkyl radicals, C2-C20-, preferably C2-C 8 -alkenyl 
radicals, C 6 -C22-, preferably C 6 -Ci 0 -aryl radicals, alkylaryl or arylalkyl radicals having from 1 to 10, 
preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 1 0, 
carbon atoms in the aryl part, where the radicals may also be halogenated or the radicals R 13 , R 14 
and R 15 can also be substituted or unsubstituted, saturated or unsaturated, in particular aromatic, 

35 heterocyclic radicals which have from 2 to 40, in particular from 4 to 20, carbon atoms and contain 
at least one heteroatom, pref erably a heteroatom selected from the group of elements consisting • 
of O, N, S and P, in particular N. Particular preference is given to R 14 and R 15 each being hydro- 
gen or methyl, in particular hydrogen. 

40 R 1 and R 7 are identical or different, preferably identical, and are each hydrogen or an organic 
radical having from 1 to 40 carbon atoms, for example Ci-C^-alkyl, d-Cto-fluoroalkyl, C2-C40- 
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alkenyl, C 6 -C4o-aryI, C 6 -C 10 -fluoroaryl t arylalkyl, arylalkenyl oj alkylaryl having from 1 to 10, pre- 
ferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 1 0, car- 
bon atoms in the aryl part, or a CVC 4 o-heteroaromatic radical containing at least one heteroatom 
selected from the group consisting of the elements O, N, S, P and Se, in particular O, N and S, 
5 where the heteroaromatic radical may be substituted by further radicals R 18 , where R 18 is an or- 
ganic radical having from 1 to 20 carbon atoms and is, in particular, defined like R 16 , and a plura- 
lity of radicals R 18 may be identical or different. 

R 1 and R 7 are preferably hydrogen, a cyclic, branched or unbranched, preferably unbranched, 
C1-C20-, preferably d-C 10 -alkyl radical, a C 6 -C22- f preferably C 6 -C 14 -aryl radical, an arylalkyl or 

10 alkylaryl radical having from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and 
from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl part, or a C 4 -C 24 -heteroaromatic 
radical selected from the group consisting of substituted or unsubstituted thtenyl radicals, substi- 
tuted or unsubstituted f uryl radicals and substituted or unsubstituted pyrrolyl radicals, where the 
substituents on the five-membered heteroaromatic radicals are preferably Ci-C 4 -alkyl radicals or 

15 C6-C20-, preferably C 6 -C 10 -aryI radicals, in particular methyl, ethyl or phenyl. 

Particular preference is given to R 1 and R 7 being unbranched Ci-Cio-alkyl radicals, in particular 
methyl, ethyl, n-propyl or n-hexyl. 

R 2 and R 8 are identical or different, preferably identical, and are each hydrogen or an organic 
20 radical having 1 to 40 carbon atoms, for example d-C^-aikyl, CrC 10 -fluoroalkyl, Ca-CXw-aikenyl, 
C 6 -C 4 (raryl > C 6 -C 10 -fluoroaryI, arylalkyl, arylalkenyl or alkylaryl having from 1 to 10, preferably from 
1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 10, carbon atoms in 
the aryl part, or a C 2 -C 40 -heteroaromatic radical containing at least one heteroatom selected from 
the group consisting of the elements O, N, S, P and Se, in particular O, N and S, where the he- 
25 teroaromatic radical may be substituted by further radicals R 18 , where R 18 is an organic radical 
having from 1 to 20 carbon atoms and is, in particular, defined like R 16 , and a plurality of radicals 
R 18 may be identical or different. 
R 2 and R 8 are preferably hydrogen. 

30 R 3 and R 9 are identical or different, preferably identical, and are each halogen such as fluorine, 
chlorine, bromine or iodine, in particular fluorine or chlorine, or an organic radical having from 1 to 
40, in particular from 3 to 40, carbon atoms, for example Ci-C 40 -alkyl, Ci-C 10 -fluoroalkyl, (VC^- 
alkenyl, C 6 -C 40 -aryl, C 6 -C 10 -fluoroaryl, arylalkyl, arylalkenyl or alkylaryl having from 1 to 10, pre- 
ferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 1 0, car- 

35 bon atoms in the aryl part, or a C 2 -C 4 o-heterocyclic, in particular heteroaromatic, radical containing 
at least one heteroatom selected from the group consisting of the elements O, N, S, P and Se, in 
particular O, N and S, where the heterocyclic radical may be substituted by further radicals R 18 , 
where R 18 is an organic radical having from 1 to 20 carbon atoms and is, in particular, defined like 
R 16 , and a plurality of radicals R 18 may be identical or different, where R 3 is not methyl when T 1 is 

40 -C(H)=C(H)-. 
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R 3 and R 9 are preferably each organic radicals which are branched in the a position and have 
from 3 to 40 carbon atoms, where a radical branched in the a position is one whose linking a 
atom bears at least two directly bound atoms which are not hydrogen and not more than one di- 
rectly bound hydrogen atom. The linking a atom is preferably carbon. 

5 The radicals R 3 and R 9 are particularly preferably C3-C20-, preferably C 3 -C 1cr alkyl, C3-C20-, pre- 
teradly C 3 -C 8 -aIkenyl, C 6 -C2sr, preferably C 6 -C 10 -aryl, alkyiaryl, arylalkyl or arylalkenyl each having 
from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably 
from 6 to 10, carbon atoms in the aiyl part, C 3 -C 12 -, preferably C 5 -C B -cycloalkyI or cycloalkenyl, or 
the radicals R 3 and R 9 are each saturated or unsaturated heterocyclic radicals having from 3 to 10 

10 carbon atoms and at least one heteroatom selected from the group consisting of the elements O, 
N, S, P and Si, preferably O, N and S, where carbocyclic or heterocyclic radicals may be substi- 
tuted by further radicals R 10 , where R 18 is an organic radical having from 1 to 20 carbon atoms 
and is, in particular, defined like R 16 , and a plurality of radicals R 18 may be identical or different. 
Examples of preferred radicals R 3 and R 9 are isopropyl, cyclobutyl, 1-methylpropyl, 1-methylbutyL 

15 1-ethylbutyl, 1-methylpentyl, cyclopentyl, cyclohexyl, t-butyl, cyclopent-2-enyl, cyclopent-3-enyl, . 
cyclohex-2-enyl, cyclohex-3-enyl, para-methylcyclohexyl, diphenylmefhyl, triphenylmethyl, phenyl, 
2-tolyl, 3-tolyl, 4-tolyl, 2,6-dimethylphenyl, 2,4,6-trimethylphenyl, 1-naphthyl, 2-naphthyl, phenan- 
thyl, thienyl, furyl, methylthienyl, methylfuryl, trifluoromethyt or trimethylsilyl. 

20 R 4 , R 5 , R 6 , R 10 , R 11 and R 12 are identical or different and are each hydrogen, halogen such as 
fluorine, chlorine, bromine or iodine, in particular fluorine or chlorine, or an organic radical having 
from 1 to 40 carbon atoms, for example Ct-C^-alkyl, Ci-CiQ-fluoroalkyl, CVC^-alkenyl, CVC40- 
aryl, C 6 -C 10 -fluoroaryl, arylalkyl, arylalkenyl or alkyiaryl each having from 1 to 10, preferably from 
1 to 4, carbon atoms in the alkyl part and from 6 to 22, preferably from 6 to 1 0, carbon atoms in 

25 the aryl part, or a (VC^-heterocyclic, in particular heteroaromatic radical containing at least one 
heteroatom selected from the group consisting of the elements O, N, S, P and Se, in particular O, 
N and S, where the heterocyclic, radical may be substituted by further radicals R 18 , where R 18 is an 
organic radical having from 1 to 20 carbon atoms and is, in particular, defined like R 16 , and a plu- 
rality of radicals R 18 may be Identical or diff erent; or two adjacent radicals R 4 , R 5 , R 6 , R 10 , R 11 and 

30 R 12 together with the atoms connecting them may form a monocyclic or polycyclic substituted or 
unsubstituted ring system which has from 1 to 40, preferably from 4 to 30, carbon atoms and may 
also contain heteroatoms selected from the group consisting of the elements O, S, Se, Te, N, P, 
As, Sb and Si, in particular O, N and S. 

Preference is given to R 4 , R 5 , R 10 and R 11 being identical and each being hydrogen and R 6 and 
35 R 12 being as defined above. 

If T 1 or T 2 is -O-, -S-, -Se- or -Te-, the radical R 3 together with R 4 and/or the radical R 9 together 
with R 10 can form a monocyclic or polycyclic, substituted or unsubstituted ring system which has 
from 1 to 40 carbon atoms and may also contain heteroatoms selected from the group consisting 
40 of the elements O, S, Se, Te, N, P, As, Sb and Si, in particular O, S and N. R 3 with R 4 and/or R 9 
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with R 10 together with the two further carbon atoms in each case preferably form 5- and 6- 
rnembered ring systems which are preferably aromatic. 

A is a bridge consisting of a divalent atom or a divalent group. Examples of A are: 

R 19 R 19 R 19 RIB ' R19 019 



10 



R20 R 20 R 20 R20 R20 R20 

R 19 R19 R 19 

I I 

O M 2 , M 2 



15 R 20 R20 R21 

-B(R 19 )-, -B(NR 19 R 20 )-, -A1(R 19 )-, -O-, -S-, -S(O)-, -S(0 2 )-, -N(R 19 )-, 
-C(O)-, -P(R 19 )- or -P(O) (R 19 )-, 

20 preferably 

R19 R 19 R 19 R 19 

M 2 , — 

i 

° R 20 R 20 R20 R20 

where 

M 2 is silicon, germanium or tin, preferably silicon or germanium, particularly preferably silicon, and 

R 19 , R 20 and R 21 are identical or different and are each a hydrogen atom, a halogen atom, a tri- 
methylsilyl group, a Ci-C 10 -, preferably C^CValkyl group, a d-C 1c Hluoroalkyl group, a C 6 -C 10 - 
fluoroaryl group, a Ce-do-aryl group, a C^-Cno-, preferably Ci-C 3 -alkoxy group, a C 7 -C 15 - 
alkylaryloxy group, a C2-C 10 -, preferably Ca-C^alkenyl group, a C7-C 4 o-arylalky! group, a 
C B -C 4 o-arylalkenyl group or a Cy-CAo-alkylaryl group or two adjacent radicals together with the 
atoms connecting them form a saturated or unsaturated ring having from 4 to 15 carbon atoms. 



30 



35 



Particularly preferred examples of A are the bridges: 

dimethylsilanediyl, methylphenylsilanediyl, diphenylsilanediyl, dimethyigermanediyl, ethylidene, 
1-methylethylidene, 1,1-dimethylethyIidene, 1 ,2-dimethylethyIidene, 1,1,2,2-tetramethylethylidene, 



WO 2005/044870 



8 



PCT/EP2004/012358 



dimethylmethylidene, phenylmethylmethylidene or diphenylmethylidene, in particular dimethylsi- 
lanediyl, diphenylsilanediyl and ethylidene. 

The radicals R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 t R 15 t R 16 , R 17 , R 18 , R 19 , R 20 
5 and R 21 may, according to the present invention, have further heteroatoms in place of carbon . 
atoms or hydrogen atoms, in particular heteroatoms selected from the group consisting of Si, N t 
P, O, S, F and CI, or functional groups without altering the polymerization properties of the orga- 
nometallic transition metal compound of the present invention, as long as these heteroatoms or 
functional groups are chemically inert under the polymerization conditions. 

10 

Furthermore, the substituents according to the present invention are, unless restricted further, 
defined as follows: 

The term "organic radical having from 1 to 40 carbon atoms" as used in the present text refers, for 
15 example, to Ci-C 4 o-aikyl radicals, (VCio-fluoroalkyl radicals, Gj-C^-alkoxy radicals, saturated 

C 3 -C 2 o-heterocyclic radicals, Ce-C^o-aryl radicals, C^C^-heteroaromatic radicals, C 6 -C 10 -fluoroaryl 
radicals, C 6 -C 10 -aryloxy radicals, C3-C 18 -trialkylsilyl radicals, C2-C2o-aIkenyl radicals, C2-C20- 
alkynyl radicals, C7-C 4cr arylalkyl radicals or C 8 -C 4C rarylalkenyl radicals. Such an organic radical is 
in each case derived from an organic compound. Thus, the organic compound methanol can in 
20 principle give rise to three different organic radicals having one carbon atom, namely methyl 
(H 3 C-), methoxy (H3C-O) and hydroxymethyl (HOC(H 2 )-). 

The term "alkyP as used in the present text encompasses linear or singly or multiply branched 
saturated hydrocarbons which may also be cyclic. Preference is given to Ct-Ci 8 -alkyl, such as 
25 methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, cyclopentyl, 
cyclohexyl, isopropyl, isobutyl, isopentyl, isohexyl, sec-butyl or tert-buiyl. 

The term "alkenyl" as used in the present text encompasses linear or singly or multiply branched 
hydrocarbons each having at least one C-C double bond; in the case of a plurality of double 
30 bonds, these can be cumulated or alternating. 

The term "saturated heterocyclic radical" as used in the present text refers, for example, to mo- 
nocyclic or polycyclic, substituted or unsubstituted hydrocarbon radicals in which one or more . 
carbon atoms, CH groups and/or CH 2 groups have been replaced by heteroatoms preferably se- 
35 lected from the group consisting of O, S, N and P. Preferred examples of substituted or unsubsti- 
tuted saturated heterocyclic radicals are pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidyl, piper- 
azinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothienyl and the like, and also 
methyl-, ethyl-, propyl-, isopropyl- and tert-butyl-substituted derivatives thereof. 

40 The term "aryl" as used in the present text refers, for example, to aromatic and possibly also fused 
polyaromatic hydrocarbon substituents which may be monosubstituted or polysubstituted by linear 
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or branched d-Cie-alkyl, d-da-alkoxy or (Vdo-alkenyl groups or halogen atoms, in particular 
fluorine. Preferred examples of substituted and unsubstituted aryl radicals are, in particular, phe- 
nyl, pentafluorophenyl, 4-methylphenyl, 4-ethylphenyl, 4-propylphenyl, 4-isopropylphenyl, 4-tert- 
butylphenyl, 4-methoxyphenyl, 1-naphthyl, 9-anthryl, 9-phenanthryl, 3,5-dimethylphenyl, 3,5-di- 
5 t erf-butyl phenyl or 4-trifluoromethylphenyl. 

The term "heteroaromatic radical" as used in the present text refers, for example, to aromatic 
hydrocarbon radicals in which one or more carbon atoms have been replaced by nitrogen, phos- 
phorus, oxygen or sulfur atoms or combinations thereof. These may, like aryl radicals, be mono- 
10 substituted or polysubstituted by linear or branched d-Cu-alkyl, d-do-alkenyl groups or halogen 
atoms, in particular fluorine. Preferred examples arefuryl, thienyl, pyrrolyl, pyridyl, pyrazolyl, imi- 
dazolyl, oxazolyl, thiazolyl, pyrimidinyl, pyrazinyl and the like, and also methyl-, ethyl-, propyl-, 
isopropyl- and tert-butyl-'substituted derivatives thereof. 

1 5 The term "arylalkyl" as used in the present text refers, for example, to aryl-containing substituents 
whose aryl radical is linked via an alkyl chain to the remainder of the molecule. Preferred ex- 
amples are benzyl, substituted benzyl, phenethyl, substituted phenethyl and the like. 



The expressions fluoroaikyl and fluoroaryl mean that at least one hydrogen atom, preferably more 
20 than one up to a maximum of all hydrogen atoms, of the respective substituents have been repla- 
ced by fluorine atoms. Examples of fluorine-containing substituents which are preferred according 
to the present invention are trifluoromethyl, 2,2,2-trifluoroethyl, pentafluorophenyl, 
4-trifluoromethylphenyl, 4-perfluoro-tert-butylphenyl and the like. 



25 Preference is given to organometaliic transition metal compounds of the formula (I) in which 



M 1 is an element of group 4 of the Periodic Table of the Elements, preferably zirconium or 
hafnium, in particular zirconium, 

30 n is 2, 

T\ T 2 are identical and are each -O-, -S-, -Se- or -Te-, preferably -O- or -S-, in particular -S-, 

R 1 , R 7 are identical and are each a d-C 10 -aIkyl radical, for example methyl, ethyl, propyl, iso- 
35 . propyl, n-butyl, n-hexyl, cyclohexyl or n-decyl, preferably methyl or ethyl, in particular 
methyl, 

R 2 , R B are identical and are each hydrogen, 



40 



are identical or different and are each a substituted or unsubstituted C 6 -C4o-aryl radical or 
(Vdo-heteroaromatic radical having at least one heteroatom selected from the group 
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consisting of O t N, S and P, preferably a substituted. or unsubstituted Cs-C^o-aryl radical 
such as phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3-dimethylphenyl, 2,4-dimethylphenyI, 
2,5-dimethytphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 
3,5-di(tert-butyI)phenyl, 2,4,6-trimethyiphenyl, 2,3,4-trimethylphenyl, 1-naphthyl, 
5 2-naphthyl, phenanthrenyl, p-isopropylphenyl, p-tert-butylphenyl, p-s-butylphenyl, 

p-cyclohexylphenyl and p-trimethylsilylphenyl, in particular phenyl, 1-naphthyl, 
3,5-dimethylphenyl and p-tert-butylphenyl, 

R 4 , R 5 , R 10 and R 11 are identical and are each hydrogen, 

10 

R 6 , R 12 are identical and are each hydrogen or an organic radical having from 1 to 20 carbon 

atoms, for example a cyclic, branched or unbranched C1-C20-, preferably Ci-C 10 -alkyl ra- 
dical, a (VC20-, preferably CVCs-alkenyl radical, an arylalkyl radical having from 1 to 10, 
preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 14, preferably from 6 
15 to 10, carbon atoms in the aryl part, preferably hydrogen, methyl, ethyl, n-propyl, isopro- 

pyl, n-butyl, i-butyl, s-butyl, t-butyl, phenyl, naphthyl, benzyl or 2-phenylethyl, in particular 
hydrogen, methyl or isopropyl, 

A is a substituted silylene group or a substituted or unsubstituted ethylene group, preferably 
20 a substituted silylene group such as dimethylsilanediyl, methylphenylsilanediyl, methyl- 

tert-butylsilanediyl or diphenylsilanediyl, in particular dimethylsilanediyl, 

and 

25 the other variables are as defined in formula (I). 

Illustrative but nonlimiting examples of novel organometallic transition metal compounds of the 
formula (I) are: 

30 [dimethylsilanediyi(2-methyl-8-phenylbenzo[b]cyclopenta[d]thien-3-ylidene)2]zirconium(IV) dichlo- 
ride, 

[dimethylsilanediyi(2,5-dimethyl-8-phenylbenzo[b]cyclopenta[dlthien-3-ylidene) 2 ]zircon 
dichloride, 

[dimethyIsiIanediyl(2,5,8-trimethylbenzofb]cyclopentatd]thien-3-ylidene) 2 ]zirconium(IV) dichloride, 
35 [dimethylsilanediyl(2,5-dimethyl-8-i^^ 
dichloride, 

[dimethylsilanediyl(2-me*hyl-8K)N dichlo- 
ride, 

[dimethylsilanediyl(2-methyl-8-isopropylbenzo[b]cyclopenta[d]thien-3-ylidene) 2 ]zirconium(IV) 
40 dichloride, 

[dimethylsilanediyl(2,8-dimethylbenzo[b]cyclopenta[d]thien-3-ylidene) 2 ]zirconium(IV) dichloride, 
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[dimethylsilanediyl(2-me^ 
dichloride, 

[dimethylsilanediyl(2-methyl-84o!ylbenzo[b]cyclopenta[d]thien-3-ylide dichloride, 
[dimethylsilanediyl(2-methyl-8-methox^^ 
5 dichloride, 

[dimethylsilanediyl(2-methyl-8-se^ 
dichloride, 

[dimethylsilanediyl(2-methyl-8-pheny^^ 

3-y!idene) 2 ]2irconium(IV) dichloride, 
10 [dimethylsilanediyl(2-methyl-8-phenylbenzo[b]cyclopenta[d]thien-3-ylidene)- 

(2 I 8-dimethy!benzo[b]cyciopenta[d]thien-3-ylidene)]zirconium(IV) dichloride, 
[dimethylsilanediyl(2-isopropyi-8-phenylbenzo[b]cyclopenta[d]thien-3-yHden 

(2,8-dimethylbenzo[b]cyclopenta[d]thien-3-ylidene)]zirconium(IV) dichloride, 

[dimethylsilanediyl(2-isopropyl-8-methylbenzo[b]cyclopentatd]thien-3-yiidene)- 
15 (2-methyl-8-phenylbenzo[b]cyclopenta[d]thien-3-ylidene)]zirconium(IV) dichloride, 

[dimethylsilanediyl([8-methyl-2-(5-methy^ 

(2,8<limethylberao[b]cyclopenta[d]thien-3-ylidene)]zirconium(IV) dichloride, 
[dimethylsilanediyl([8-methyl-2-(5-me 

(2-methyl-8-phenylbenzo[b]cydopenta[d]thien-3-ylidene)]zirconium(IV) dichloride, 
20 [dimethylsilanediyl(2-methyl-8-phenylbenzo[b]cyclopenta[d]thien-3-ylidene)- 

( 2,5Kiimethyl-3-phenyl-6H^yclopenta[b]thien-6-ylidene)]zirconium(IV) dichloride, 
[dimethylsilanediyl(2-methyl-8-phenylbenzo[b]cyclopenta[d}thien-3-ylidene)- 
( (2-methyl-cyclopenta[a]naphthalen-3-ylidene)]zirconium(IV) dichloride, 

[dimethylsilanediyl(9-methyh7-thiapentalenot1 ,2-a]naphthalen-8-ylidene) 2 ]zirconium(IV) dichlori- 
25 de, 

[dimethyisilanediyl(2,9sjimethylctyclopenta^ dichloride, 
[dim^hylsiianediyl(2,.C^ dichloride, 
[dimethylsilanediyl(2,6,9-trimethyl^ 
dichloride, 

30 [dimethylsilanediyl(2,4<Iimethyl-8-phenylcyclopenta[b]indol-3-yi)2]zirconium(IV) dichloride, 
[dimethylsilanediyl(2,4-dimethy^ dichloride, 
[dimethylsilanediyi(2-methyl-4-phenyl-8-oxacyclopenta[a]inden-1-yl)2]zirconium(IV dichloride, 
[dimethylsilanediyl(2-methyl-4-phe dichloride, 
[ethylene(2-methyl-8-phenylbenzo[b]cyclopenta[d]thien"3-ylidene)2]zirconium(IV) dichloride, 

35 [ethylene(2,5<fimethyl-8-phenylbera^ dichloride, 
[ethylene(2,5,8-trimethylbenzo[b]cyclopenta[d]thien-3-ylidene)2]zirconium(l\0 dichloride, 
[ethylene(2~methyl-8-chlorobenzo[b]cycl^^ dichloride, 
[ethylene(2-methyl-8nsopropylbenzo^ dichloride, 
[ethylene(2,8Hdimethylbenzo[b]cyclopenta[d}thien-3-ylidene)2]zirranium(IV) dichloride, 

40 [diisopropylamidoborane(2-methyW-ph dichlori- 
de, 
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[diisopropylamidoborane(2-m 
dichloride, 

[dnsopropylamidoborane(2,5,8-trimethylbenzo[b]cyclopente^ 
dichloride, 

5 [diisopropylamidoborane(2,5-dimethy1-8-phenylbe 
yiiuei»e) 2 jzirconium(iv) dichloride, 

[diisopropylamidoborane(2,6,9-trimethylcyclopema[a]^ dichlo- 
ride, 

[diisopropylamidoborane(2,4-dimethyl-8-toly^ dichloride, 
10 [methylene(2,4KJ»methyl-8-tolylcyclopenta[b]indol-3»yl)2]zirconium(IV) dichloride, 

[methyiene(2-methyl-4-phenyl-8-oxacyciopenta[a]inden-1-yl) 2 ]zjrconium(IV) dichloride, 
[methyIene(2,6,9-trimethylcyclopenta[a]naphthalen-3-ylidene) 2 3zirconium(IV) dichloride, 
[methylene(2-methyl-8-pheny!benzo[b]cyclopenta[<flthien-3-ylidene) 2 ]zirconi^ dichloride, 
[methylene(2-methyl-8-isopropyto dichloride, 
15 [methylene(2-methyl-8-phenylbenzo[b]cyclopenta[d]thien-3-ylidene)- 
(2-isopropyl-4-phenyl-1 H-inden-1-yl)]zirconium(lV) dichloride, 

[diphenylmethylene(2-methyl-4-phenyl-8H3xacyclopenta[a]inden-1-yl) 2 ]zirconi dichloride, 

[diphenylmethylene(2-methyl-8-isopro^ 

dichloride. 

20 

The numbering of the ring atoms is according to the following scheme: 



25 




30 The novel organometallic transition metal compounds of the formula (I) make it possible, in parti- 
cular, to prepare propylene homopolymers having a reduced isotacticity, to prepare very propyle- 
ne-rich propylene-ethylene rubber having a high molar mass and to prepare crystalline polyethy- 
lenes having high densities and high molecular weights. 



40 
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13 



The novel metallocenes of the formula (I) can be prepared by methods as described in 
WO 03045964. The organometallic transition metal compounds of the formula (I) are usually ob- 
tained together with a further diastereomer. 



? R 4 





rac or pseudo-rac 



R" 

meso or pseudo-meso 



The organometallic transition metal compounds of the formula (I) (rac or pseudo-rac) can also be 
used as a diastereomer mixture together with the undesired diastereomers (meso or pseudo- 
meso) coproduced in the synthesis in the preparation of the catalysts. 

25. The separation of the diastereomers is known in principle. 



The invention further provides biscyclopentadienyl ligand systems of the formula (II) 



30 



35 
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or their double bond isomers, 

5 where the variables R 1 , R 2 , R 3 , R 4 , R 5 R 6 , R 7 , R e , R 9 , R 10 , R t1 , R 12 , T 1 , T 2 and A are as defined in 
formula (I). 

Particular preference is given to biscyclopentadienyl ligand systems of the formula (II) 
10 in which 

T 1 , T 2 are identical and are each -O-, -S-, -Se- or -Te-, preferably -O- or -S-, in particular -S-, 

R 1 t R 7 are identical and are each a C^Cio-alkyi radical, for example methyl, ethyl, propyl, iso- 
15 propyl, n-butyl, n-hexyl, cyclohexyl or n-decyl, preferably methyl or ethyl, in particular 

methyl, 

R 2 , R 8 are identical and are each hydrogen, 

20 R 3 , R 9 are identical or different and are each a substituted or unsubstituted C 6 -C4b-aryl radical or 
C2-C4o-heteroaromatic radical having at least one heteroatom selected from the group 
consisting of O, N, S and P, preferably a substituted or unsubstituted C 6 -C4o-aryl radical 
such as phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2,3-dimethylphenyl, 2,4-dimethylphenyl, 
2,5-dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 

25 3,5-di(tert-butyl)phenyl, 2,4,6-trimethylphenyl, 2,3,4-trimethylphenyl, 1-naphthyl, 

2-naphthyl, phenanthrenyl, p-isopropylphenyl, p-tert-butylphenyl, p-s-butylphenyl, 
p-cyclohexylphenyl and p-trimethylsilylphenyi, in particular phenyl, 1-naphthyl, 
3,5-dimethylphenyl and p-tert-butylphenyl, 

30 R 4 , R 5 , R 10 and R 11 are identical and are each hydrogen, 

R 6 , R 12 are identical and are each hydrogen or an organic radical having from 1 to 20 carbon 

atoms, for example a cyclic, branched or unbranched Ci-C^o-, preferably Ci-C 10 -alkyl ra- 
dical, a C2-C20-, preferably C2-C 8 -alkenyl radical, an arylalkyl radical having from 1 to 10, 
35 preferably from 1 to 4, carbon atoms in the alkyl part and from 6 to 14, preferably from 6 

to 10, carbon atoms in the aryl part, preferably hydrogen, methyl, ethyl, n-propyl, isopro- 
pyl, n-butyl, i-butyl, s-butyl, t-butyl, phenyl, naphthyl, benzyl or 2-phenylethyl, in particular 
hydrogen, methyl or isopropyl, 



40 and 
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A is a substituted silylene group or a substituted or unsubstituted ethylene group, preferably 
a substituted silylene group such as dimethylsilanediyl, methylphenylsilanediyl, methyl- 
tert-butylsilanediyl or diphenylsilanediyl, in particular dimethylsilanediyl. 

5 The substitution pattern of the biscyclopentadienyl ligand systems of the formula (II) is critical to 
ihe particular polymerization properties of the organometaliic transition metal compounds contai- 
ning these biscyclopentadienyl ligand systems. 

The invention further provides for the use of a biscyclopentadienyl ligand system of the formula 
10 (II) for preparing an organometaliic transition metal compound, preferably for preparing an orga- 
nometaliic transition metal compound of an element of group 4 of the Periodic Table of the Ele- 
ments, in particular zirconium. 

Thus, the present invention also provides a process for preparing an organometaliic transition 
15 metal compound, which comprises reacting a biscyclopentadienyl ligand system of the formula (II) 
or a bisanion prepared therefrom with a transition metal compound. The usual procedure is firstly 
to doubly deprotonate a ligand system of the formula (II) by means of a base such as 
n-butyllithium and subsequently to react it with a suitable transition metal source such as zirconi- 
um tetrachloride. However, as an alternative, the uncharged biscyclopentadienyl ligand system of 
20 the formula (II) can be reacted directly with a suitable transition metal source which has strongly 
basic ligands, for example tetrakis(dimethylamino)zirconium. 

The novel organometaliic transition metal compounds of the formula (I) are, particularly in the 
presence of suitable cocatalysts, highly active catalyst constituents for the polymerization of ole- 
25 fins. 

The cocatalyst which together with the novel organometaliic transition metal compound of the 
formula (I) forms a polymerization-active catalyst system is able to convert the organometaliic 
transition metal compound into a species which displays polymerization activity toward at least 
30 one olefin. The cocatalyst is therefore sometimes also referred to as activating compound. The 
polymerization-active transition metal species is frequently a cationic species. In this case, the 
cocatalyst is frequently also referred to as cation-forming compound. 

The present invention therefore also provides a catalyst system for the polymerization of olefins 
35 cornprising at least one organometaliic transition metal compound of the formula (I) and at least 
one cocatalyst which is able to convert the organometaliic transition metal compound into a spe- 
cies which displays polymerization activity toward at least one olefin. 

Suitable cocatalysts or cation-forming compounds are, for example, compounds such as an alu- 
40 minoxane, a strong uncharged Lewis acid, an ionic compound having a Lewis-acid cation or an 
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Ionic compound containing a Brdnsted acid as cation. Preference is given to using an aluminoxa- 
ne as cocataiyst. 

In the case of metallocene complexes as organometallic transition metal compounds, the cocata- 
i lysts are frequently also referred to as compounds capable of forming metallocenium ions. 

As aluminoxanes, it is possible to use, for example, the compounds described in WO 00/31090. 
Particularly useful compounds of this type are open-chain or cyclic aluminoxane compounds of 
. the formula (III) or (IV) 



10 



15 



20 



25 



R 



Al _j_0— AI-^R 22 (III) 

/ L 



R 22 R 22 



(IV) 



R 22 



where 

R 22 is a Ci-C^alkyl group, preferably a methyl or ethyl group, and m is an integer from 5 to 



30, preferably from 1 0 to 25. 



These oligomeric aluminoxane compounds are usually prepared by reacting a solution of trial- 
kylaluminum with water. In general, the oligomeric aluminoxane compounds obtained in this way 
are in the form of mixtures of both linear and cyclic chain molecules of various lengths, so that m 
may be regarded as a mean. The aluminoxane compounds can also be present in admixture with 
30 other metal alkyls, preferably aluminum alkyls. 

Furthermore, it is also possible to use modified aluminoxanes in which some of the hydrocarbon 
radicals or hydrogen atoms have been replaced by alkoxy, aryloxy, siloxy or amide groups in 
place of the aluminoxane compounds of the formula (III) or (IV). 

35 

It has been found to be advantageous to use the novel organometallic transition metal compound 
of the formula (I) and the aluminoxane compounds in such amounts that the atomic ratio of alumi- 
num from the aluminoxane compounds to the transition metal from the organometallic transition 
metal compound is in the range from 10:1 to 1000:1, preferably in the range from 20:1 to 500:1, in 
40 particular in the range from 30:1 to 400:1 . 
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As strong, uncharged Lewis acids, preference is given to compounds of the formula (V) 

M 3 X 1 X 2 X 3 (V) 

5 where 

M 3 is an element of group 13 of the Periodic Table of the Elements, in particular B, Al 

or Ga, preferably B, 

10 X 1 , X 2 and X 3 are each, independently of one another, hydrogen, ^-do-alky I, Cg-Cis-aryl, 

alkylaryl, aryialkyl, haloalkyl or haloaryl e<ach having from 1 to 10 carbon atoms in 
the alkyl radical and from 6 to 20 carbon atoms in the aryl radical or fluorine, chlo- 
rine, bromine or iodine, in particular haloaryl, preferably pentafluorophenyl. 



15 Further examples of strong, uncharged Lewis acids are given in WO 00/31090. 

Particular preference is given to compounds of the formula (V) in which X 1 , X 2 and X 3 are identi- 
cal, preferably tris(pentafluorophenyl)borane. 



20 Strong uncharged Lewis acids suitable as cocatalyst or cation-forming compounds also include 
the reaction products from the reaction of a boronic add with two equivalents of a trialkylaluminum 
or the reaction products of the reaction of a trialkylaluminum with two equivalents of an acidic 
fluorinated, in particular perfluorinated, carbon compound such as pentafluorophenol or 
bis(pentafluorophenyl)borinic acid. 

The suitable ionic compounds having Lewis-acid cations include salt-like compounds of the cation 
of the formula (VI) 



30 [(Y a+ )Q 1 Q 2 ...Q z ] d+ (VI) 

where 



Y is an element of the groups 1 to 16 of the Periodic Table of the Elements, 

35 

Q 1 to Q 2 are each single negatively charged groups such as Ci-Cas-alkyI, C6-C 15 -aryl, 

alkylaryl, aryialkyl, haloalkyl, haloaryl each having from 6 to 20 carbon atoms in 
the aryl radical and from 1 to 28 carbon atoms in the alkyl radical, C3-Cio-oy- 
cloalkyl which may bear Ci~C 10 -alkyl groups as substituents, halogen, C 1 -C 2 s- 
40 alkoxy, Ce-Cis-aryloxy, silyl or mercaptyl groups, 
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is an integer from 1 to 6 and 
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z is an integer from 0 to 5, and 

5 d corresponds to the difference a - z, but d is greater than or equal to 1 . 

Particularly useful cations are carbonium cations, oxonium cations and sulfonium cations and also 
cationic transition metal complexes. Particular mention may be made of the triphenylmethyl cati- 
on, the silver cation and the 1 .V-dimethylferrocenyl cation. They preferably have noncoordinating 
10 counterions, in particular boron compounds as are mentioned in WO 91/09882, preferably tetra- 
kis(pentafluorophenyl)borate. 

Salts having noncoordinating anions can also be prepared by combining a boron or aluminum 
compound, e.g. an aluminum alkyl, with a further compound which can react to link to two or more 
15 boron or aluminum atoms, e.g. water, and a third compound which forms an ionizing ionic com- 
pound with the boron or aluminum compound, e.g. triphenylchloromethane. In addition, a fourth 
compound which likewise reacts with the boron or aluminum compound, e.g. pentafluorophenol, 
can be added. 

20 Ionic compounds containing Bronsted acids as cations preferably likewise have noncoordinating 
counterions. As Bronsted acid, preference is given to, in particular, protonated amine or aniline 
derivatives. Preferred cations are N,N-dimethytanilinium f N,N-dimethylcyiohexylammonium and 
N,N-dimethylbenzylammonium and also derivatives of the latter two. 

25 Preferred ionic compounds as cocatalysts or cation-forming compounds are, in particular, N,N-di- 
methylanilinium tetrakis(pentafluorophenyl)borate, N.N-dimethylcyclohexyiammonium tetrakis- 
(pentafluorophenyl)borate and N.N-dimethylbenzylammonium tetrakis(pentafluorophenyl)borate. 

It is also possible for two or more borate anions to be joined to one another, as in the dianion 
30 [(C 6 F5)2B-C 6 F4-B(C6F5) 2 ] 2 \ or the borate anion can be bound via a bridge having a suitable func- 
tional group to the surface of a support particle. 

Further suitable cocatalysts or cation-forming compounds are listed in WO 00/31090. 

35 The amount of strong, uncharged Lewis acids, ionic compounds having Lewis-acid cations or 
ionic compounds containing Bronsted acids as cations is usually from 0.1 to 20 equivalents, pre- 
ferably from 1 to 10 equivalents, based on the novel organometallic transition metal compound of 
the formula (I). 

40 Further suitable cocatalysts or cation-forming compounds are boron-aluminum compounds such 
as di-[bis(pentafluorophenylboroxy)]methylalane. Such boron-aluminum compounds are disclo- 
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It is also possible to use mixtures of all the abovementioned cocatatalysts or cation-forming com- 
pounds. Preferred mixtures comprise aluminoxanes, in particular methylaluminoxane, and an 
5 ionic compound, in particular a compound containing the tetrakis(pentafluorophenyl)borate anion, 
and/or a strong uncharged Lewis acid, in particular tris(pentafluorophenyl)borane. 

Preference is given to using both the novel organometallic transition metal compound of the for- 
mula (I) and the cocatalysts or cation-forming compounds in a solvent, preferably aromatic hydro- 
10 carbons having from 6 to 20 carbon atoms, in particular xylenes and toluene. 

The catalyst can further comprise a metal compound of the formula (VII), 

15 M 4 (R 23 )r(R 24 ) s (R 25 )t (VII) 

where 

M 4 is an alkali metal, an alkaline earth metal or a metal of group 13 of the Periodic 

20 Table, i.e. boron, aluminum, gallium, indium or thallium, 

R 23 is hydrogen, Ci-do-alkyl, Cg-ds-aryl, alkylaryl or arylalkyl each having from 1 

to 1 0 carbon atoms in the aikyl part and from 6 to 20 carbon atoms in the aryl 
part, 

25 

R 24 and R 25 are identical or different and are each hydrogen, halogen, — C ia — alky!, Ce-Ci^- 
aryl, alkylaryl, arylalkyl or.alkoxy each having from 1 to 10 carbon atoms in the ai- 
kyl radical and from 6 to 20 carbon atoms in the aryl radical, 

30 is an integer from 1 to 3, 

and 

s and t are integers from 0 to 2, where the sum r+s+t corresponds to the valence of M 4 , 

35 

where the metal compound of the formula (VII) is usually not identical to the cocatalyst or the 
cation-forming compound. It is also possible to use mixtures of various metal compounds of the 
formula (VII). 

40 Among the metal compounds of the formula (VII), preference is given to those in which 



WO 2005/044870 
M 4 
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is lithium, magnesium or aluminum and 
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R and R are each 0,-do-alkyI. 

5 Particularly preferred metal compounds of the formula (VII) are n-butyllithium, n-butyl-n-octyl- 
magnesium, n-butyi-n-neptyl-magnesium, tri-n-hexylaluminum, triisobutylaluminum, triethylalu- 
minum and trimethylaluminum and mixtures thereof. 

If a metal compound of the formula (VII) is used, it is preferably present in the catalyst in such an 
1 0 amount that the molar ratio of M 4 from formula (VII) to transition metal M 1 from the novel organo- 
metallic transition metal compound of the formula (I) is from 800:1 to 1:1, in particular from 200:1 
to 2:1. 

Particular preference is given to a catalyst system comprising a novel organometallic transition 
1 5 metal compound of the formula (I) and at least one cocatalyst and also a support. 

To obtain such a supported catalyst system, the unsupported catalyst system can be reacted with 
a support. The order in which the support, the organometallic transition metal compound of the 
invention and the cocatalyst are combined is in principle immaterial. The organometallic transition 
20 metal compound of the present invention and the cocatalyst can be immobilized independently of 
one another or simultaneously. After the individual process steps, the solid can be washed with 
suitable inert solvents such as aliphatic or aromatic hydrocarbons. 

As supports, preference is given to using finely divided supports which can be any organic or 
25 inorganic, inert solids. In particular, the support can be a porous solid such as talc, a sheet silica- 
te, an inorganic oxide or a finely divided polymer powder (e.g. polyolefin). 

Suitable inorganic oxides may be found among the oxides df the elements of groups 2, 3, 4, 5, 13, 
14, 15 and 1 6 of the Periodic Table of the Elements. Examples of oxides preferred as support 
30 include silicon dioxide, aluminum oxide and mixed oxides of the elements calcium, aluminum, 
silicon, magnesium and titanium and also corresponding oxide mixtures. Other inorganic oxides 
which can be used alone or in combination with the abovementioned preferred oxidic supports 
are, for example, MgO, Zr0 2 , Ti0 2 or B 2 0 3 . A preferred mixed oxide is, for example, calcined hy- 
drotalcite. 

35 

The support materials used preferably have a specific surface area in the range from 10 to 
1 000 m 2 /g, a pore volume in the range from 0.1 to 5 ml/g and a mean particle size of from 1 to 
500 pm. Preference is given to supports having a specific surface area in the range from 50 to 
500 m 2 /g, a pore volume in the range from 0.5 to 3.5 ml/g and a mean particle size in the range 
40 from 5 to 350 pm. Particular preference is given to supports having a specific surface area in the 
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range from 200 to 400 m 2 /g, a pore volume in the range from 0.8 to 3.0 ml/g and a mean particle 
size of from 1 0 to 1 00 \im. 



The inorganic support can be subjected to a thermal treatment, e.g. to remove adsorbed water. 

5 Such a drying treatment is generally carried out at from 80 to 300°C, preferably from 1 00 to 
200°C f with drying at from 100 to 200°C preferably being carried out under reduced pressure 
and/or under a blanket of inert gas (e.g. nitrogen), or the inorganic support can be calcined at 
from 200 to 1 000°C to set, if desired, the desired structure of the solid and/or the desired OH ' 
concentration on the surface. The support can also be treated chemically using customary desic- 

1 0 cants such as metal alkyls, preferably aluminum alkyls, chlorosilanes or SiCI 4 or else methylalu- 
minoxane. Suitable treatment methods are described, for example, in WO 00/31090. 
The inorganic support material can also be chemically modified. For example, treatment of silica 
gel with (NH 4 )2SiF 6 leads to f luorination of the silica gel surface or treatment of silica gels with 
silanes containing nitrogen-, fluorine- or sulfur-containing groups leads to correspondingly rnodi- 

1 5 f ied silica gel surfaces. 

Organic support materials such as finely divided polyolefin powders (e.g. polyethylene, polypro- 
pylene or polystyrene) can also be used and should likewise be freed of adhering moisture, sol- 
vent residues or other impurities by means of appropriate purification and drying operations befo- 
20 re use. It is also possible to use f unctionalized polymeric supports, e.g. ones based on polystyre- 
nes, via whose functional groups, for example ammonium or hydroxy groups, at least one of the 
catalyst components can be immobilized. 

In a preferred form of the preparation of the supported catalyst system, at least one of the novel 
25 organometallic transition metal compounds of the formula (I) is brought into contact with at least 
one cocatalyst as activating or cation-forming compound in a suitable solvent, giving a soluble or 
insoluble, preferably soluble, reaction product, an adduct or a mixture. 

The preparation obtained in this way is then mixed with the dehydrated or passivated support 
30 material, the solvent is removed and the resulting supported organometallic transition metal cata- 
lyst system is dried to ensure that all or most of the solvent is removed from the pores of the sup- 
port material. The supported,catalyst is usually obtained as a free-flowing powder. Examples of 
the industrial implementation of the above process are described in WO 96/00243, WO 98/40419 
or WO 00/05277. 

35 

A further preferred embodiment comprises firstly applying the cocatalyst or the cation-forming 
compound to the support component and subsequently bringing this supported cocatalyst or this 
cation-forming compound into contact with the organometallic transition metal compound of the 
present invention. 
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Further useful cocatalyst systems are combinations obtained by combining the following compo- 
nents: 

1st component: at least one defined boron or aluminum compound, 

5 2nd component: at least one uncharged compound which has at least one acidic hydro- 

gen atom, 

3rd component at least one support, preferably an inorganic oxidic support, and optio- 

nally, as 4th component, a base, preferably an organic nitrogen- 
containing base, for example an amine, an aniline derivative or a nitro- 
1 0 gen heterocycle. 

The boron or aluminum compound used in the preparation of these supported cocatalysts is pre- 
ferably a compound of the formula (VIII) 



15 



20 



30 



35 



. R 26 
I (VIII) 



* R 26 



where 



R 26 are identical or different and are each hydrogen, halogen, CVC^-alkyl, Ci-C^-haloalkyi, 
(VC^o-alkoxy, C 6 -C 20 -aryl, C 6 -C2<rhaloaryl, Ce-C^-aryloxy, C 7 -C 4 o-arylaIky, C7-C40- 
haloarylalkyl, C7-C4o-alkylaryl, Cy-C^-haloalkylaryl or R 26 is an OSiR 27 3 group, where 

R are identical or different and are each hydrogen, halogen, Ci-C 20 -alkyl, C^C^-haloalkyl, 

CfCio-alkoxy, C 6 -C 20 -aryi, C 6 -C2o-haloaryl, Ce-C^o-aryloxy, C 7 -C 4 o-arylalkyl, C 7 -C 4 <r 
haloarylalkyl, Cr-C^-alkyiaryl, CrCXwrhaloalkylaryl, preferably. hydrogen, C^Cs-alkyl or 
C 7 -C 20 -arylalkyl, and 



M 5 is boron or aluminum, preferably aluminum. 

Particularly preferred compounds of the formula (VIII) are trimethyialuminum, triethylaluminum 
and triisobutylaluminum. 

The uncharged compounds which have at least one acidic hydrogen atom and can react with 
compounds of the formula (VIII) are preferably compounds of the formulae (IX), (X) and (XI), 

R 29 D-H (R 28 )*— B (D-H) h H-D R 29 D-H 

(IX) " (X) (XI) 

where 
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R 28 are identical or different and are each hydrogen, halogen, a boron-free organic radical 
having from 1 to 40 carbon atoms, e.g. d-C^-alkyl, C,-C 2£r haloalkyl, d-CVaikoxy, CV 
Qjo-aryl, C 6 -C2 0 -haloaryl, C 6 -C2 0 -aryloxy, Cr-C^-arylalky, Cr-C^-haloarylalky, C7-C40- 
alkylaryl, Cr-C^-haloalkyiaryl, an Si(R 30 ) 3 radical or a CHfSiR 3 ^ radical, where 
5 . R 30 is a boron-free organic radical having from 1 to 40 carbon atoms, e.g. C^Cao-alky!, C1- 
Cao-haloalkyl, CrC^-alkoxy, Cs-CWaryl, Ce-C^-haloaryl, C 6 -C 2 o-aryloxy, C7-C40- 
arylaiky, Cr-Owrhaloarylalky, Cz-C^-alkylaryl, (VC^-haloalkylaryl, and 

R 29 is a divalent organic group having from 1 to 40 carbon atoms, e.g. Ct-C^-alkylene, C1- 
C2o-haloalkylene, C 6 -C2 0 -arylene, Ce-Qjo-haloarylene, C 7 -C 40 -arylaIkyIene, C7-C40- 
10 haloarylalkylene, Cr-C 4 o-aikylarylene, CT-C^-haloalkylarylene, 

D is an element of group 16 of the Period Table of the Elements or an NR 31 group, where 

R 31 is hydrogen or a C 1 -C 20 -hydrocarbon radical such as CrC 20 -alkyl or Cs-Qu-aryl, and 
D is preferably oxygen, and 

h 1 or 2. 

.15 . 

Suitable compounds of the formula (IX) are water, alcohols, phenol derivatives, thiopheno! deriva- 
tives or aniline derivatives, with haiogenated alcohols and phenols being of particular importance 
and perfluorinated alkyls and phenols being of very particular importance. Examples of particularly 
useful compounds are pentafluorophenol, 1,1-bis-(pentafluorophenyl)methanol or 4-hydroxy- 
20 2,2 , ,3,3 , ,4\5,5',6,6 1 -nonafluorobiphenyl. 

Suitable compounds of the formula (X) are boronic acids and borinic acids, in particular borinic 
acids having perfluorinated aryl radicals, for example (C 6 F 5 ) 2 BOH. 

Suitable compounds of the formula (XI) are dihydroxy compounds in which the divalent carbon- 
containing group is preferably haiogenated and particularly preferably perfluorinated. An example 
25 of such a compound is 4,4 , -dihydroxy-2,2 l ,3,3 l ,5,5 < 1 6 l 6 , -octaf luorobiphenyl hydrate. 

Examples of combinations of compounds of the formula (VIII) with compounds of the formula (IX) 
or (XI) are trimethylaluminum/pentafluorophenol, trimethylaluminum/1-bis-(pentafluorophenyl)- 
methanol, trimethy!aluminum/4-hydroxy-2,2 , ,3,3 l ,4 t l 5,5 , ,6,6 , -nonafluorobiphenyl, triethylalumi- 
30 num/pentafiuorophenol, triisobutylaluminum/pentafluorophenol and triethylaluminum/4,4 1 - 

dihydroxy^^'^.S'^^'^.e'-octafluorobiphenyl hydrate, with, for example, reaction products of the 
following type being able to be formed: 



35 ?' C 6 F 5 



Me i-Bu Et 

F 9 C^ Al \ Ci2 f 9 
Me 



40 
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Examples of reaction products from the reaction of at least one compound of the formula (VIII) 
with at least one compound of the formula (X) are: 



10 



B Al ^ET -B' >l B 

> i L I 1 I 

F 5 C 6 Me C 6 F 5 f 5 c 6 B C 6 F. 



F 5 C 6 \ /O^ ^ C 6 F s 

B ^Al B 



F 5 C 6 ""Bu fc 6 F 5 



The order in which the components are combined is in principle immaterial. 

15 If desired, the reaction products from the reaction of at least one compound of the formula (VIII) 
with at least one compound of the formula (IX), (X) or (XI) and optionally the organic nitrogen 
base may additionally be combined with an organometallic compound of the formula (III), (IV), (V) 
and/or (VII) in order then to form the supported cocatalyst system with the support. 



20 In a preferred variant, the first component, e.g. compounds of the formula (VIII), is combined with 
the 2nd component, e.g. compounds of the formula (IX), (X) or (XI), and a support as 3rd compo- 
nent is combined separately with a base as 4th component and the two components are subse- 
quently reacted with one another, preferably in an inert solvent or suspension medium. The sup- 
ported cocatalyst formed can be freed of the inert solvent or suspension medium before it is re- 

25 acted with the novel organometallic transition metal compound of the formula (I) and, if desired, a 
metal compound of the formula (VII) to form the catalyst system. 



It is also possible firstly to prepolymerize the catalyst solid with a-olefins, preferably linear C2-C10- 
1-alkenes and in particular ethylene or propylene and then to use the resulting prepolymerized 
30 catalyst solid in the actual polymerization. The mass ratio of catalyst solids used in the prepolyme- 
rization to monomer polymerized onto it is usually in the range from 1 :0.1 to 1 :200. 



Furthermore, a small amount of an olefin, preferably an a-olefin, for example vinylcyclohexane, 
styrene or phenyldimethylvinylsilane, as modifying component, an antistatic or a suitable inert 
35 compound such as a wax or oil can be added as additive during or after the preparation of the 
supported catalyst system. The molar ratio of additives to the organometallic transition metal 
compound of the present invention is usually from 1:1 000 to 1 000:1 , preferably from 1 :5 to 20:1 



40 



The novel organometallic transition metal compounds of the formula (I) or the catalyst systems in 
which they are present are suitable for the polymerization or copolymerization of olefins. 
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The present invention therefore also provides a process for preparing polyolefins by polymerizati- 
on or copolymerization of at least one olefin in the presence of a catalyst system comprising at 
least one of the novel organometallic transition metal compounds of the formula (I). 
In general, the catalyst system is used together with a further metal compound of the formula 

5 (VII), which may be different from the metal compound or compounds of the formula (VII) used in 
the preparation of the catalyst system, for the polymerization or copolymerization of olefins. The 
further metal compound is generally added to the monomer or the suspension medium and ser- 
ves to free the monomer of substances which could adversely affect the catalyst activity. It is also 
possible to add one or more further cocatalytic or cation-forming compounds to the catalyst sy- 

1 0 stem in the polymerization process. 

The olefins can be functionalized, olefinically unsaturated compounds such as ester or amide 
derivatives of acrylic or methacrylic acid, for example acrylates, methacrylates or acrylonitrile, or 
nonpolar olefinic compounds, including aryl-substituted cx-olefins. 

15 

Preference is given to polymerizing olefins of the formula R m -CH=CH-R n , where R m and R n are 
identical or different and are each hydrogen or an organic radical, in particular a hydrocarbon 
radical having from 1 to 20 carbon atoms, in particular from 1 to 10 carbon atoms, or R m and R n 
together with the atoms connecting them can form one or more rings. 

20 

Examples of such olefins are 1 -olefins having from 2 to 40, preferably from 2 to 10, carbon atoms, 
e.g. ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene or 
4-methyl-1 -pentene, and unsubstituted or substituted vinylaromatic compounds such as styrene 
and styrene derivatives, and dienes such as 1 ,3-butadiene, 1 ,4-hexadiene, 1 ,7-octadiene, 5- 
25 ethylidene-2-norbornene, norbornadiene, ethylnorbornadiene and cyclic olefins such as nor- 

bornene, tetracyclododecene or methylnorbornene. Preference is given to ethylene, propylene, 1- 
butene, 1 -hexene or 4-methyl-1 -pentene. 

The catalyst system of the present invention is particularly preferably used for homopolymerizing 
30 propylene or ethylene or copolymerizing ethylene with C 3 -C 8 -a-olef ins such as propylene, 

1-butene, 1-pentene, 1-hexene and/or 1-octene and/or cyclic olefins such as norbornene and/or 
dienes having from 4 to 20 carbon atoms, e.g. 1 ,4-hexadiene, norbornadiene, ethylidenenor- 
bornene or ethylnorbornadiene, or, particularly preferably, copolymerizing propylene with ethylene 
and/or 1-butene. Examples of such copolymers are propylene-ethylene, propylen-1-butene, ethy- 
35 lene-1-butene, ethylene-1 -hexene and ethylene-1-octene copolymers, and ethylene-propylene- 
ethylidenenorbornene and ethylene-propylene- 1 ,4-hexadiene terpolymers. 

The polymerization can be carried out in a known manner in bulk, in suspension, in the gas phase 
or in a supercritical medium in the customary reactors used for the polymerization of olefins. It can 
40 be carried out batchwise or preferably continuously in one or more stages. Solution processes, 
suspension processes, stirred gas-phase processes and gas-phase fluidized-bed processes are 
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all possible. As solvent or suspension medium, it is possible, to use inert hydrocarbons, for ex- 
ample isobutane, or else the monomers themselves. 



The polymerization can be carried out at from -60 to 300°C and at pressures in the range from 0.5 
5 to 3 000 bar. Preference is given to temperatures in the range from 50 to 200°C, in particular from 

6u to 100°C, and pressures in the range from 5 to 100 bar, in particular from 15 to 70 bar. The 

mean residence times are usually from 0.5 to 5 hours, preferably from 0.5 to 3 hours. Hydrogen 

can be used in the polymerization as molar mass regulator and/or to increase the activity. 

Furthermore, customary additives such as antistatics can also be used. The catalyst system of the 
10 present invention can be used directly in the polymerization, i.e. it is introduced in pure form into 

the polymerization system, or it can be admixed with inert components such as paraffins, oils or 

waxes to improve meterability. 

The catalyst systems of the present invention are especially useful for preparing propylene homo- 
15 polymers having a reduced. isotacticity, i.e. reduced melting points, for preparing high molecular 
weight ethylene-propylene copolymers and for preparing high molecular weight polyethylenes. 
The catalyst system of the present invention makes it possible to prepare, for example in a two- 
stage cascade process, polymer mixtures which comprise a low-ethylene "propylene-ethylene 
rubber" as elastic phase in a crystalline polyethylene matrix. 
20 The invention further provides the polyolefins obtainable.by one of the abovementioned polyme- 
rization processes, in particular homopolymers and copolymers of propylene, and polyolefin com- 
positions comprising the polyolefins obtainable by means of the catalyst systems of the present 
invention. 



25 The polymers prepared by the process of the present invention and polyolefin compositions in 
which these are present are particularly useful for producing hard and stiff shaped bodies having 
a high ultimate tensile strength, e.g. fibers, filaments, injection-molded parts, films, plates or large 
hollow bodies (e.g. pipes), or are used, in particular, in plasticizer and lubricant formulations, melt 
adhesive applications, coatings, sealants, insulation, casting compositions or acoustic insulation 

30 materials. 



35 
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The invention is illustrated by the following nonlimiting examples: 

Examples 

5 General procedures: 

The synthesis and handling of the organometallic compounds of the catalysts was carried out with 
exclusion of air and moisture under argon (glove box and Schienk technique). All solvents used 
were purged with argon and dried over molecular sieves before use. Tetrahydrofuran (THF), die- 
■ 1 0 thyl ether and toluene were dried by refluxing for a number of hours over sodium/benzophenone, 
pentane over sodium/benzophenone/triglyme and dichloromethane over calcium hydride, subse- 
quently distilled off and stored over 4A molecular sieves. 

Methylalumoxane (solution in toluene; 30% by weight of MAO) was procured from Albemarle 
Corp. and AI(/so-Bu) 3 (1 M solution in toluene) was procured from Aldrich Chemical Company. 
1 5 Water-free heptane for the suspension polymerization was obtained by passing heptane through 
a column packed with 3A molecular sieves and a column packed with aluminum oxide. 
Eaton's reagent was used as procured commercially (Aldrich; 7% by weight phosphorus pentoxi- 
de in methanesulfonic acid). 

4-Phenylbenzo[b]thiophene was synthesized by a method analogous to that of M. Kloezel et. al., 
20 J. Organic Chem., 1 9, 1 51 1 (1 953). 

Mass spectra were measured using a Hewlett Packard Series 6890 instrument equipped with a 
series 5973 mass analyzer (El, 70 eV). 

NMR spectra of organic and organometallic compounds were recorded at room temperature on a 
Varian Unity 300 NMR spectrometer. The chemical shifts are reported relative to SiMe 4 . 

25 

Determination of the melting point: 

The melting point T m was determined by DSC measurement in accordance with ISO Stan- 
dard 3146 in a first heating phase at a heating rate of 20°C per minute to 200°C, a dynamic cry- 
stallization at a cooling rate of 20°C per minute down to 25°C and a second heating phase at a 
30 heating rate of 20°C per minute back to 200°C. The melting point was then the temperature at 
which the curve of enthalpy versus temperature measured in the second heating phase displayed 
a maximum. 

Gel permeation chromatography 

35 Gel permeation (GPC) was carried out at 145°C in 1 ,2,4-trichlorobenzene using a Waters 150C 
GPC apparatus. The data were evaluated using the software Win-GPC from HS-Entwicklungsge- 
sellschaft fur wissenschaftliche Hard- und Software mbH, Ober-Hilbersheim. The columns were 
calibrated by means of polypropylene standards having molar masses ranging from 100 to 10 7 
g/mol. Mass average (M w ) and number average (M n ) molar masses of the polymers were deter- 

40 mined. The Q value is the ratio of mass average molar mass (M w ) to number average molar mass 
(M n ). 
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Determination of the viscosity number (I.V.): 

The viscosity number was determined in decalin at 135°C in an Ubbeiohde viscometer PVS 1 with 
an S 5 measuring head (both from Lauda). For the sample preparation, 20 mg of polymer were 
dissolved in 20 ml of decalin at 135°C over a period of 2 hours. 15 ml of the solution were placed 
5 in the viscometer; the instrument carried out a minimum of three running-out time measurements 
until a consistent result was obtained. The I.V. is calculated from the running-out times in accor- 
dance with I.V. = (t/to-1)*1/c t where t = mean of the running-out time of the solution, t 0 = mean of 
the running-out time of the solvent, c = concentration of the solution in g/ml. 

10 

Examples 

1 . {Me 2 Si(2-Me-8-Ph-benzo[b]cyclopentatd]thien-3-yl)2}ZrCI 2 (1 ) 

15 1a) Synthesis of 2-methyl-8-phenyl-1 ,2-dihydrobenzo[b]cyclopenta[dtthiophen-3-one (1 a) 
A mixture of 10 g of 4-phenylbenzo[b]thiophene (47.6 mmol) and 4.8 ml of methacrylic acid 
(56.6 mmol) was added to 100 ml of Eaton's reagent over a period of 30 minutes, with the reac- 
tion temperature during the addition being 80°C. The reaction mixture was cooled to 60°C and 
400 ml of water were introduced slowly while stirring vigorously. The precipitated product was 

20 dissolved by addition of 250 rnl of dichloromethane. After phase separation, the organic phase 
was washed with a saturated solution of sodium hydrogencarbonate and with water and subse- 
quently dried over magnesium sulfate. The solvent was removed and 12 g of product were ob- 
tained. The product had a purity of 90% according to GC and consisted of two isomers present in 
a ratio of about 7:3 (thiophen-3-one : thiophen-1-one). 

25 1 H-NMR of the main isomer (CDC! 3 ): S = 7.8 (d, 1H), 7.2-7.5 (m, 7H), 2.85 (m, 1H), 2.7 (d, 1H), 
2.05 (d, 1H), 1.1 (d, 3H) ppm; EIMS: m/e (%) = 278 ([M+], 100), 263 (65), 249 (13), 234 (21), 221 
(47), 202 (16), 189 (9), 176 (6), 163 (8), 151 (3), 139 (3). 

1 b) 2-Methyl-8-phenyIbenzo[b]cyclopenta[d]thiophene (1 b) 

30 A solution of 81 .4 g of 2-methyl-8-phenyl-1 ,2-dihydrobenzo[b]cyclopenta[dlthiophenone (0.29 mo!) 
(1a) in 800 ml of THF was admixed at 0°C with 225 ml of a 1,0 molar solution of lithium aluminum 
hydride (0.23 mol) in diethyl ether. The mixture was stirred at room temperature for another 4 
hours. 25 ml of water were then carefully added and the resulting suspension was filtered through 
a layer of Ceiite and dried over magnesium sulfate. After filtration, the solvent was removed and a 

35 brown vitreous solid was obtained. The solid was dissolved in 400 ml of toluene and, after additi- 
on of 2.0 g of p-toluenesulfonic acid, stirred at 70°C for 2 hours. The cooled reaction mixture was 
washed with a saturated solution of sodium hydrogencarbonate and with water and dried over 
magnesium sulfate. After the desiccant had been separated off, the solvent was removed and the 
residue was chromatographed on silica gel (5% methylene chloride in hexane as eluant). This 

40 gave 39 g (52%) of (1 b) as a light-yellow oil. 



WO 2005/044870 



29 



PCT/EP2004/012358 



1 H-NMR (CDCI3) 2 isomers: 8 = 7.6 (m, 1H), 7.4 (m t 5H), 7.2 (m, 2H), 6.54 (s) and 5.8 (s) (1H 
total), 3.28 (s) and 2.79 (s) (2H total), 2.08 (s) and 2.02 (s) (3H total) ppm. EIMS: m/e (%) = 262 
(M + , 100), 245 (21), 234 (5), 221 (16), 202 (10), 184 (5), 163 (3), 122 (5). 

5 1 c) Dfmethy!-bis-(2-methyl-8-phen^ (1 c) 

A solution of 19.0 g of 2-methyl-8-phenylbenzo[b]cyclopenta[d]thiophene (72.5 mmol) in 100 ml of 
tetrahydrof uran was cooled to -78*C and admixed with 29 ml of a solution of n-butyllithium in 
hexane (2.5 M, 72.5 mmol). The reaction mixture was subsequently stirred at room temperature 
for 6 hours. The deep black solution was added dropwise at -78°C to a solution of 4.66 g of 

10 dichlorodimethylsilane (36.2 mmol) in 50 ml of THF. The reaction mixture was subsequently 

slowly warmed to 50°C and stirred for 1 6 hours. 10 ml of a saturated solution of ammonium chlo- 
ride were slowly added, the phases were separated, the organic phase was dried over magnesi- 
um sulfate and the solvent was removed to give the crude product as a viscous oil. The crude 
product was chromatographed on silica gel (methylene chloride (20%)/hexane) to give 12.7 g 

1 5 (61 %). of the silane (1 c) as a viscous oil. 

1 H-NMR (CDCU), several isomers: 8 = 7.7-7.9 (m, 2H); 7.3-7.6 (m, 10H); 7.1-7.3 (m, 4H); 6.05 (s), 
5.95 (s), (1H total); 4.05 (s), 3.9 (s), 3.85 (s), (1H total); 2.95 (s), 2.9 (s), (2H total); 1.95 (s), 2.05 
(s), 2.1 (s), 2.15 (s), 2.2 (s), (6H total), -0.2 (m), 0.2 (s) f 0.35 (s), (6H total) ppm. 



1 Preparation of {Me 2 Si(2-Me-8-Ph-benzo[b]cyclopenta[d|thien-3-yl)2}ZrCl2 (1 ) 

A solution of 12.7 g of dimethyl-bis-(2-methyi-8-pheny!-3H-benzo[b)cyclopentatc(|thiophen-3-yl)- 

silane (21 .9 mmol) in 200 ml of diethyl ether was cooled to -78°C and admixed with 17.5 mi of a 

25 solution of n-butyllithium in hexane (2.5 M, 43.8 mmol). The reaction mixture was subsequently 
stirred at room temperature for 8 hours. The solvent was removed under reduced pressure. 5.1 g 
of zirconium tetrachloride (21 .9 mmol) were added to the residue and the reaction mixture was 
suspended in 100 ml of hexane containing 2 ml diethyl ether and stirred at room temperature for 
16 hours. The yellow solid was isolated with the aid of afrit which could be upended, the filtercake 

30 was washed with 20 ml of hexane and 20 ml of diethyl ether and dried under reduced pressure. 
. This gave 16.7 g of crude product. 6 g of the crude product were stirred up in 150 ml of methylene 
chloride and the suspension was filtered through Celite. The filtrate was evaporated completely to 
give 4 g of crude metallocene having a rac /meso isomer ratio of about 40/60. The crude metal- 
locene was stirred up in 30 ml of acetone and the solid was isolated by filtration. The filtercake 

35 was washed with pentane and dried under reduced pressure. This gave 0.6 g of the pure rac iso- 
mer. 

1 H-NMR (CDCI3): 8= 7.65 (m, 2H), 7.25-7.5 (m, 14H), 6.2 (s, 2H), 2.25 (s, 6H), 1.1 (s, 6H) ppm. 
X-ray structure analysis: Figures 1a and 1b show the structure of the compound (1) from different 
perspectives. 
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Example P1 Homopolymerization of propene 

4 ml of a solution of triisobutylaluminum in toluene (4 mmol, 1 M) were placed in a dry 1 I reactor 
which had been flushed with nitrogen. At 30°C, 250 g of propylene were introduced and the con- 
tents of the reactor were heated to 65°C. A catalyst solution prepared by combining 0.6 mg of the 

5 metallocene (1) from Example 1 dissolved in 1 .2 ml of toluene with 0.8 ml of a solution of methyl- 
aiuminoxane in toluene (3.8 mmol, 30% by weight) and subsequently allowing the mixture to react 
for a further 10 minutes was introduced together with 50 g of propylene into the reactor. The con- 
tents of the reactor were stirred at 65°C for 1 hour and the polymerization reaction was stopped 
by venting the reactor. The reactor cooled to room temperature during vaporization of the propa- 

1 0 ne. After flushing the reactor with nitrogen for 1 0 minutes, 5 ml of methanol were added to the 
contents of the reactor. The polymer was taken from the reactor as a solution in toluene. After 
evaporation of the toluene solvent, the polymer was dried at 50°C under reduced pressure for 2 
hours. This gave 28.2 g of polypropylene. The results of the polymerization and the results of the 
polymer analysis are shown in Table 1 below. 

15 Pentad analysis by means of the 13 C-NMR spectrum: mmmm: 1 1 .61%; mmmr: 13.91%; rmmn 
7.13%; mmrr: 8.97%; xmrx: 25.83%; rmrm: 19.78%; rrrr: 1.63%; rrrm: 4.90%; mrrm:6.24%. 
Triad analysis by means of the 13 ONMR spectrum: mm: 32.65%; mr: 54.57; rr:12.77%. 



20 Example P2 Homopolymerization of propene 

The polymerization was carried out in a manner analogous to example P1. 4 ml of a solution of 
triisobutylaluminum in toluene (4 mmol, 1M) together with 250 g of propylene were placed in the 
reactor at 30°C and the mixture was heated to 50°C. A catalyst solution prepared by combining 
2.0 mg of the metallocene (1) from example 1 dissolved in 4 ml of toluene with 0.8 ml of a solution 

25 of methylalumoxane in (3.8 mmol, 30% by weight) and subsequently allowing the mixture to react 
for another 10 minutes was introduced together with 50 g of propylene into the reactor. The con- 
tents of the reactor were stirred at 50°C for 0.5 hours. After the reaction had been stopped, the 
polymer was worked up to give 8 g of polypropylene. The results of the polymerization and the 
results of the polymer analysis are shown in table 1 below. 

30 



Example P3 Copolymerization of propene with ethene 

The polymerization was carried out in a manner analogous to example P2. 4 ml of a solution of 
triisobutylaluminum in toluene (4 mmol, 1M) were placed in a dry 1 I reactor which had been flus- 

35 hed with nitrogen. At 30°C, 250 g of propylene were introduced and the contents of the reactor 
were heated to 50°C. A catalyst solution prepared by combining 2.0 mg of the metallocene (1) 
from example 1 dissolved in 4 ml of toluene with 0.8 ml of a solution of methylalumoxane in tolue- 
ne (3.8 mmol, 30% by weight) and subsequently allowing the mixture to react further for 
10 minutes was introduced together with 50 g of propylene into the reactor. Ethylene was introdu- 

40 ced into the reactor at a gauge pressure of 6 bar. The contents of the reactor were stirred at 50°C 
for 0.5 hour, with the ethylene pressure being maintained by introduction of further ethylene. The 
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reaction was stopped and the polymer was worked up to give 57 g of polymer. The results of the 
polymerization are shown in table 1 below. 



5 Example P4 Copoiymerization of propene with ethene 

The polymerization was carried out in a manner analogous to example P3. 4 ml of a solution of 
triisobutylaluminum in toluene (4 mmol, 1M) together with 250 g of propylene were placed in the 
reactor at 30°C and the mixture was heated to 50°C. A catalyst solution prepared by combining 
2.0 mg of the metallocene (1) from example 1 dissolved in 4 ml of toluene with 0.8 ml of a solution 

10 of methylaiumoxane in toluene (3.8 mmol, 30% by weight) and subsequently allowing the mixture 
to react further for 10 minutes was introduced together with 50 g of propylene into the reactor. 
Ethylene was introduced into the reactor at a gauge pressure of 12 bar. The contents of the re- 
actor were stirred at 50°C for 0.5 hour, with the ethylene pressure being maintained by introduc- 
tion of further ethylene. The reaction was stopped and the polymer was worked up to give 1 17 g 

15 of polymer. The results of the polymerization are shown in table 1 below. 



Table 1 



Ex- 


Trans. 


Polym. 


Ethene 


Polym. 


Activity 


Viscosity 


Mw 


Q 


Ethene 


ample 


metal 


time 




temperature 


[kg/(g * h)] 


number 


[kg/mol] 




content 




comp. 


[h] 


[bar] 


[°C] 




[dl/g] 






[%by 




[mg] 
















weight] 


P1 


0.6 


• 1.0 


0 


65 


47 


1.16 


136 


1.7 


0 


P2 


2.0 


0.5 


0 


50 


8 


1.39 






0 


P3 


2.0 


0.5 


6 


50 


57 


4.28 






4 


P4 


2.0 


0.5 


12 


50 


117 


7.00 






39 



Units and abbreviations: activity in kgpo,y m8r /(gt ra nsftbn metai compound * hpo^ m erizationtime); weight average 
molar mass determined by GPC; polydispersity Q = Mn/M w ; ethene content determined by 
IR spectroscopy 



Example P5 Homopolymerization of ethene 

2 ml of a 1 molar solution of triisobutylaluminum in toluene (2 mmol) were placed in a dry 1 I re- 
actor which had been flushed with nitrogen. At 30°C, 500 ml of dry heptane were introduced. A 

35 catalyst solution prepared by combining 0.1 mg of the metallocene (1) (0.135 ymol) from examp- 
le 1 dissolved in 1 .0 ml of toluene with 0.45 ml of a solution of methylaiumoxane in toluene 
(0.7 mmol, 10% by weight) and subsequently allowing the mixture to react further for 10 minutes 
was introduced into the reactor. The reactor was heated to 80°C and ethylene was introduced into 
the reactor at a gauge pressure of 1 0 bar. The contents of the reactor were stirred at 80°C for 

40 10 minutes and the polymerization reaction was stopped by venting the reactor. After cooling to 
room temperature, 5 mi of methanol were added to the contents of the reactor. The polymer was 
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isolated and dried at 50°C under reduced pressure for 4 hours. This gave 16.6 g of polyethylene. 
The results of the polymerization and the results of the polymer analysis are shown in table 2 
below. 

5 

Example P6 Homopolymerization of ethene 

The polymerization was carried out in a manner "analogous to example P5. 2 ml of a 1 molar solu- 
tion of triisobutylaluminum in toluene (2 mmol) together with 500 ml of. heptane were placed in the 
reactor at 30°C. A catalyst solution prepared by combining 0.1 mg of the metallocene (1) 

10 (0.135 pmol) from example 1 dissolved in 1 .0 ml of toluene with 0.45 ml of a solution of methyla- 
lumoxane in toluene (0.7 mmol, 10% by weight) and subsequently allowing the mixture to react 
further for 1 0 minutes was introduced into the reactor. After heating to 80°C, ethylene was intro- 
duced into the reactor at a gauge pressure of 1 0 bar. The contents of the reactor were stirred at 
80°C for 20 minutes, with the ethylene pressure being maintained by introduction of further ethy- 

15 lene. The reaction was stopped and the polymer was worked up to give 18.7 g of polyethylene. 
The results of the polymerization and the results of the polymer analysis are shown in table 2 
below. 

20 Example P7 Homopolymerization of ethene 

The polymerization was carried out in a manner analogous to example P6. 2 ml of a 1 molar solu- 
tion of triisobutylaluminum in toluene (2 mmol) together with 500 ml of heptane were placed in the 
reactor at 30°C. A catalyst solution prepared by combining 0.1 mg of the metallocene (1) 
(0.135 pmol) from example 1 dissolved in 1.0 ml of toluene with 0.45 mi of a solution of methyla- 

25 lumoxane in toluene (0.7 mmol, 1 0% by weight) and subsequently allowing the mixture to react 
further for 1 0 minutes was introduced into the reactor. After heating to 80°C, ethylene was intro- 
duced into the reactor at a gauge pressure of 1 0 bar. The contents of the reactor were stirred at 
80°C for 30 minutes, with the ethylene pressure being maintained by introduction of further ethy- 
lene. The reaction was stopped and the polymer was worked up to give 21 .5 g of polyethylene. 

30 The results of the polymerization and the results of the polymer analysis are shown in table 2 
below. 

Comparative example CP1 Homopolymerization of ethene 

35 The polymerization was carried out in a manner analogous to example P7. 2 ml of a 1 molar solu- 
tion of triisobutylaluminum in toluene (2 mmol) together with 500 ml of heptane were placed in the 
reactor at 30°C. A catalyst solution prepared by combining 0.1 mg of ethyl enebisindenyizirconi urn 
dichloride dissolved in 1 .0 ml of toluene with 0.8 mi of a solution of methylalumoxane in toluene 
(1 .2 mmol, 1 0% by weight) and subsequently allowing the mixture to react further for 1 0 minutes 

40 was introduced into the reactor. After heating to 80°C, ethylene was introduced into the reactor at 
a gauge pressure of -10 bar. The contents of the reactor were stirred at 80°Cfor 30 minutes, with 
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the ethylene pressure being maintained by introduction of further ethylene. The reaction was 
stopped and the polymer was worked up to give 1 1 .8 g of polyethylene. The results of the polyme- 
rization and the results of the polymer analysis are shown in table 2 below. 

5 

Example P8 Homopolymerization of ethene in the presence of hydrogen 
The polymerization was carried out in a manner analogous to example P7. 2 ml of a 1 molar solu- 
tion of triisobutylaluminum in toluene (2 mmol) together with 500 ml of heptane were placed in the 
reactor at 30°C. A catalyst solution prepared by combining 0.1 mg of the metallocene (1 ) from 

10 example 1 dissolved in 1 .0 ml of toluene with 0.45 ml of a solution of methylalumoxane in toluene 
(0.7 mmol, 10% by weight) and subsequently allowing the mixture to react further for 10 minutes 
was introduced into the reactor. 100 ml of hydrogen were passed into the reactor. After heating to 
80°C, ethylene was introduced into the reactor at a gauge pressure of 1 0 bar. The contents of the 
reactor were stirred at 80°C for 30 minutes, with the ethylene pressure being maintained by intro- 

15 duction of further ethylene. The reaction was stopped and the polymer was worked up to give 
12.6 g of polyethylene. The results of the polymerization and the results of the polymer analysis 
are shown in table 2 below. 



Table 2 



Example 


Trans, metal 
comp. 
[mgj 


Polym. 
time 
[h] 


Hydrogen 
[ml] 


Polymer 
yield 

[g] 


Activity 
[kg/(g * n)] 


Viscosity 
number 
[dl/g] 


Melting 
point 
[°C] 


P5 


0.1 


1/6 


0 


13.6 


816 


14.7 


141 


P6 


0.1 


1/3 


0 


18.7 


562 


13.8 


141 


P7 


0.1 


1/2 


0 


21.5 


430 


15.7 


144 


CP1 


0.1 


1/2 


0 


11.8 


236 


1.1 


143 


P8 


0.1 


1/2 . 


100 


12.6 


252 


1.14 


140 



All polymerizations of ethylene were carried out in heptane (500 ml) in the presence of 2 mmol of 
TiBA at 80°C and 10 bar of ethene pressure; the ratio of AI MA o/ZrTMc was about 5 270; 

UnitS and abbreviations: activity in kgp 0 jy meT /(gi ra nsfttonmetal compound * hpotymerizaliontime) 



35 



40 



